ver the past 100 years, studies have demonstrated wide variation in the rates of common surgical procedures across geographical locations despite conditions being otherwise similar, with tonsillectomy being one of the most famous examples. [1] [2] [3] Unfortunately, little evidence suggests that this variation is shrinking over time despite advances in medical science and the proliferation of practice guidelines. For example, as recently as 2012, rates of coronary artery bypass, tonsillectomy, and many other surgeries showed greater than 4-fold variation in rates across geographical locations with otherwise similar characteristics. 3, 4 Rates tend to vary even more when there is not clear agreement about treatment strategies. Prostate cancer, the example used most commonly when describing extremes in surgical variation, shares similarities with thyroid cancer. Over the past 20 years, it has been recognized that selected prostate cancers may be managed by surveillance and other approaches without prostatectomy. This relates, in part, to the large reservoir of subclinical disease understood to exist for this disease, just as is known for thyroid cancer.
Variation in rates of procedures across otherwise similar geographic regions is problematic because it suggests that some people may not have adequate access to care, while others may be receiving inappropriately high levels of care. Some practice variation is expected, even in cases where practices are well agreed on, because unique circumstances may dictate alternative approaches. For instance, being admitted to the hospital after a hip fracture is accepted treatment, but rates do vary to some degree across the United States.
IMPORTANCE
Research on variation in rates of procedures across otherwise similar geographic regions provides vital insight into practice patterns. It reveals the degree of consensus on how a particular condition is managed, shows areas where access to care may be inadequate, and other areas where the population may be receiving inappropriately high levels of care.
OBJECTIVE To test the hypothesis that rates of thyroid surgery vary across US geographic regions DESIGN, SETTING, AND PARTICIPANTS A cross-sectional analysis of Medicare data for 15 888 beneficiaries aged 65 years or older from 2014 was carried out.
MAIN OUTCOME AND MEASURES Overall and hospital referral region-specific thyroidectomy rate per 100 000 Medicare beneficiaries.
RESULTS
In 2014, 15 888 thyroidectomies were performed on Medicare beneficiaries in the United States (partial n = 7506, total n = 8382), representing a national average rate of 60 per 100 000 beneficiaries (median, 59 per 100 000 beneficiaries; IQR, 43-70 per 100 000). A 6.2-fold difference in thyroidectomy rates was observed across US regions (range, 22-139 per 100 000 Medicare beneficiaries).
CONCLUSIONS AND RELEVANCE Thyroidectomy rates in the United States vary 6.2 fold, more than prostatectomy rates, which are usually held as the example of the procedure with the widest variation in the United States. This wide variation in thyroidectomy rates observed among Medicare beneficiaries suggests widely divergent local beliefs and practice patterns surrounding the management of thyroid nodules and cancer because rates appeared to be unrelated to health care availability, regional socioeconomic status, or surgeons per capita. A better understanding for the reasons underlying this variation is needed.
Over the past 25 years, the incidence of thyroid cancer has steadily increased. 5 Most of the change in incidence has been recognized to be owing to the identification of subclinical cancers-small, asymptomatic tumors found through nonthyroid directed health care maneuvers and imaging studies. 6 Thyroid cancer is both diagnosed and treated with surgery, and so not surprisingly, rates of thyroidectomy have increased with diagnosis rates during this period. 7 We investigated how rates of thyroid surgery vary across the United States, and whether there were regional differences. Here, we use US Medicare claims data to test the hypothesis that rates of thyroid surgery vary across geographic regions. For perspective, we compare these rates to those of prostatectomy (known to vary widely), and hospitalization for hip fracture (known to vary little).
Methods

Data Source
The Committee for the Protection of Human Subjects at Dartmouth College declared this project to be exempt from institutional review bord approval because all data used was deidentified. Data derived from 2014 Medicare and Medicaid Services (CMS) billing claims were analyzed. All beneficiaries enrolled in the traditional Medicare plan were included in the analysis. Those enrolled in Medicare Advantage were excluded. We identified the frequency of thyroidectomy procedures (both partial and total thyroidectomy), and for comparison, total prostatectomy and hospitalizations for hip fractures, using administrative billing codes stratified by hospital referral region (HRR) (Table) . The HRRs are a way to examine geographic variation in health care practices and were developed by dividing the country into regional market areas based on the hospitals in each area that provide tertiary medical care. 8 Tertiary care hospitals are defined as those that perform major cardiovascular procedures and neurosurgery.
Statistical Analysis
The adjusted number of thyroidectomies performed per 100 000 Medicare beneficiaries was calculated for each HRR and overall. Variance was assessed using a distribution plot and mapped across geographic regions. Regions with too few procedures to provide stable estimates were suppressed. For perspective, thyroidectomy variation was compared to rates of conditions known to vary little (hospitalization for hip fracture) and widely (total prostatectomy) across HRRs. Rates across procedures were normalized in the distribution plot using log transformation. All analyses were performed using STATA (version 12 MP, STATA Corp).
Results
In 2014, 15 888 thyroidectomies were performed on Medicare beneficiaries in the United States (partial n = 7506, total n = 8382), representing a national average rate of 60 per 100 000 beneficiaries (median, 59 per 100 000 beneficiaries;
IQR, 43-70 per 100,000). A 6.2-fold difference in thyroidectomy rates was observed across US regions (range, 22-139 per 100 000 Medicare beneficiaries). In comparison, hip fracture hospitalization rates had only a 2.2-fold difference across HRRs, whereas radical prostatectomy rates varied 5.6 fold ( Figure 1 ). Higher rates were observed in southern, central, and selected urban regions of the United States ( Figure 2 ).
Discussion
Thyroidectomy rates among Medicare beneficiaries varied more than 6 fold across US HRRs. Rates did not align with health care availability, regional socioeconomic status, or surgeons per capita, suggesting variation is owing to causes other than disease burden. Comparison of similar sized and resourced cities provides an illustrative example. The thyroidectomy rate is 76 per 100 000 in Manhattan, whereas in San Francisco the rate is so low that estimates are unstable. Similarly, a Medicare beneficiary in Joplin, Missouri, is 6 times more likely to undergo thyroidectomy than if living in Hackensack, New Jersey. These data suggest that thyroidectomy does not enjoy broad agreement surrounding treatment indications. The dramatic variation in rates is even higher than the patterns seen for prostate cancer, which has a similar subclinical reservoir of asymptomatic disease and where the option of surveillance rather than immediate intervention has been discussed for over 20 years. Our data show that rates of thyroidectomy vary even more than prostatectomy, which until now has been held as the standard bearer for wide variation in surgical rates. It is notable that in Figure 2 there are some regions in the United States that register as having no data. These might be interpreted as areas having limited or no access to surgical services, such as northern Montana, North Dakota, Wisconsin, and portions of Vermont and New Hampshire. This is not necessarily the case. The lack of data is owing to the combination of low population density and the relatively low rate of thyroid surgery compared with other Medicare procedures on the population level. For example, the median rate of back surgery among Medicare beneficiaries in the United States is 450 per 100,000, compared with the 60 per 100 000 rate for thyroidectomy. 9 The combination of low procedure rates with low population density makes it hard to obtain stable statistical estimates; however, this does not necessarily equate to inadequate services. Thus, this mapping method may be less useful in more sparsely populated, rural regions. Although, to our knowledge, this is the first report to describe geographic variations in thyroidectomy rates, the study of geographic variation in health care as a whole is a welldeveloped field. Variations research is an effective tool for identifying disparities in care. Recognition of differences is a crucial first step, and this predictably leads to the question: why is there variation? Many reasons for variation exist. One commonality that has been noted in variations research is that high rates of variation occur when care is "preference sensitive"-there are a number of options available for treatment and reasonable people might choose differently. Thyroid surgery appears to be preference sensitive, based on what we have shown herein.
Prior research has shown that the geographic disparities in preference-sensitive care can be attributed to patient and physician factors. 4 Specifically, it is known that a patient's likelihood of undergoing such care depends to a great degree on:
(1) where they reside, (2) patient and physician knowledge and beliefs about the disease and indications for surgery, and (3) the extent to which each parties' preferences are incorporated into treatment decisions. 5 Based on this knowledge, we surmise that variability in thyroid surgery rates in areas with similar access to surgical services largely relates to local beliefs and practice patterns. To be sure, there are other reasons for thyroid surgery besides known or suspected cancer that could contribute to the variation in rates. However, goiter, a dominant indication for surgery historically, has reduced in prevalence since table salt was iodinated in the 1920s, and iodine deficiency in the United States is now very uncommon, even as iodine intake has decreased in recent years. 10, 11 Sometimes variations in rates are explained by referral to higher-volume tertiary care centers owing to case complexity-pancreatic surgery is a good example. However, data presented herein reflect the experience of Medicare patients based on where they live, not where the care was actually delivered. Furthermore, this supposi- tion is less pertinent to thyroid surgery where lower volume surgeons (<10/y) perform most thyroidectomies, 12 and regions with well-known cancer centers did not routinely have higher rates (eg, Seattle, Washington).
Limitations
Medicare claims are administrative billing data, so we cannot comment on relationships with important clinical information (eg, final pathological findings, cancer size). These types of data also may not clearly identify indications for surgery. This is important because thyroid surgery has multiple indications of which cancer and nodules are the most common. However, regardless of indication, the wide variation seen in thyroid surgery is surprising whether or not discussing benign disease or malignant abnormality, and total or partial thyroidectomy. Finally, Medicare data only capture those 65 years and older, therefore findings may not be fully generalizable to younger patients, who comprise over half of all thyroidectomies performed in the United States.
Conclusions
Thyroidectomy rates among Medicare beneficiaries vary more than 6 fold across US HRRs. Wide variation in thyroidectomy rates observed among Medicare beneficiaries suggests widely divergent local beliefs and practice patterns surrounding the management of thyroid cancer because rates appear to be unrelated to health care availability, regional socioeconomic status, or surgeons per capita. Variation research provides vital insight into disparities in care and the degree of consensus on how to manage a particular condition. A better understanding for the reasons underlying variation in thyroidectomy is needed. 
